The effects of two pyrethroids, fenvalerate and permethrin, were studied in field experiments on two soil types: organic soil and sandy loam. The objectives were to determine 1) the persistence of fenvalerate and permethrin in straw, 2) the effects of the pyrethroids on epigeal Arachnida and Collembola, and other soil animals and 3) the effects of the pyrethroids on the decomposition rate of straw.
Introduction
for over 1 year (Torstensson 1993 pers. commun.) . Fenvalerate and permethrin, like many other pyrethroids, are toxic to the biota. The LD 50 of fenvalerate for Coccinella undecimpunctata is 0.38 mg/kg (Workman 1977) . With a slide dip method, the LD 50 of fenvalerate ranged 2.0-8.0 mg.L 1 (a.i.) (Wong and Chapman 1979) and that of permethrin 0.7-14.8 mg.L 1 (a.i.) (Roush and Hoy 1978) . Permethrin has been shown to suppress bacterial and actinomycete populations in Canadian organic soil (Mathur et al. 1980) . The pyrethroids fenvalerate and permethrin investigated in the present study are among the ten most toxic compounds to natural enemies (Croft 1990 ). Both fenvalerate and permethrin are highly toxic to bees (WHO 1990 a, 1990 b) and have a strong repellent effect (Pike et al. 1982) .
To test the anticipated non-target effects of fenvalerate and permethrin, an experiment was made on two soil types: organic soil and sandy loam. The objectives of the experiment were to determine 1) the persistence of fenvalerate and permethrin in straw, 2) the effects of pyrethroids on epigeal arthropods and other soil fauna and 3) the effects of pyrethroids on the decompositionrate of straw.
Material and methods
Preliminary residue studies were carried out in 1986, 1988 and 1989 , and the experiments were performed during 1991-1992 at the Agricultural Research Centre of Finland (ARC), Jokioinen (60°80'N 23°50'E).
Preliminary residue studies
During experiments concerning the biological evaluation and agricultural performance of fenvalerate and permethrin at ARC, plant and straw samples were taken approximately 50 days after application. The residue analyses were carried out by the State Institute of Agricultural Chemistry. Pyrethroids were determined by gas chromatography and the detection limit was 0.05 mg/kg.
Field experiments
The experiments were carried out on organic soil and sandy loam.
A factorial split-plot design was used;
In the main plots the factor was cultivation technique and the levels were A 1 minimum till (no tilling after harvest) A 2 normal till (ploughing after harvest)
In the subplots the factor was insecticide application and the levels were B 1 fenvalerate B 2 permethrin B 3 control
The subplots were 10 * 10 m in size with four replicates. The crop was spring barley, cultivar Arra, and the seed rate was 215 kg/ha (sowing density 450 seeds/m 2 ). The plots were sown on 10 May 1991 on sandy loam and on 13 May 1991 on organic soil. Fertilizer was applied simultaneously: N-P-K 105-41-21 kg/ha on sandy loam and N-P-K 52-68-28 kg/ha on organic soil. Weeds were controlled chemically with Actril-S (MCPA + dichlorprop + ioxynil + bromoxynil 285/184/38/24 g/1) 3 1/ha on 17 June 1991.
The plots were treated with fenvalerate and permethrin using a tractor sprayer, those on sandy loam on 23 June 1991 and those on organic soil on 24 June 1991. Application rates were 0.1 kg/ ha fenvalerate (Sumicidin; 100 g a.i./l) and 0.1 kg/ha permethrin (Ambush; 250 g a.i./l); the control was left untreated.
The plots were harvested on 24 August 1991.
The A 1 plots were left untilled and the other plots were ploughed on 10-14 September 1991.
Crop and soil samples
The crop or its residues were sampled two weeks and 2,3, 4, 10 and 12 months after insecticide treatment. Each sample (0.5 kg) was a composite of subsamples representing the whole plot. After tilling, straw was sampled only from non-tilled (Al) plots. Insecticide residues were analysed in pooled samples of all replicates or in two replicates by the multiresidue method of Luke et al. (1981) . One soil sample (diameter 9.5 cm and depth 10cm) from each treatment of both experiments was taken on 27 September 1991 and analysed for insecticide residues according to the method of Steinwandter (1985) . Both methods used consisted of extraction with acetone, partition with dichloromethane and petroleum ether, and concentration of the sample. Fenvalerate and permethrin were identified and measured either by gas chromatography with a mass selective detector or by gas chromatograph -mass spectrometry using selected ion monitoring (SIM) technique. The detection limit was 0.04 mg/kg for fenvalerate and 0.02 mg/kg for permethrin.
Arthropod samples
Arthropods on the soil surface were sampled with pitfall traps (diameter 9.5 cm and depth 10 cm). Four pitfalls per plot were placed 2 m apart in the middle of the plot. The trapping liquid was concentrated NaCl solution (300 g/1). Pitfalls were covered with a plastic roof. The trapping periods were two weeks after spraying (27 June -16 July 1991) and two weeks after harvest (26 August -5 September 1991). For storage, specimens were removed from salt solution to 70% alcohol. The numbers of Collembola, Acarina, Staphylinidae and Araneae were counted.
Four soil cores (diameter 9.5 cm and depth 10 cm) were taken per plot. Sampling was done twice: 3 days after insecticide treatment (27 June 1991) and after harvest (26 August 1991). Soil animals were extracted from soil with dry and wet funnels, two soil cores for each system. In dry funnels the size of samples was 240 ml, in wet funnels 200 ml. Incubation time in both systems was 44 hours. Only one sample of each treatment was extracted with dry funnel from soil cores taken in the autumn. Numbers of Acarina, Collembola, Staphylinidae, Nematoda and Enchytraeidae were counted.
Litterbags
Decomposition of barley straw was measured by the litterbag technique. After harvest, straw from each subplot was collected from the field experiments. Straw was cut into 8-10 cm lengths and dried the room temperature. Two straw samples (1 g) were taken and their dry weight was measured. Straw (1 g) was placed into each 10 cm * 10 cm polyester mesh bag. Two mesh sizes, 5 and 0.05 mm, were used; mesh size 5 mm accessed soil mesofauna and microbes, while mesh size 0.05 mm accessed only microbes and nematodes. The bags were numbered so that they could be identified upon retrieval from the field.
The litterbags were taken back to subplots on 17 September 1991. Eight litterbags of each mesh size were placed on each subplot. In non-tilled (Al) plots the mesh bags were placed on the soil surface but in tilled (A2) plots they were buried in the soil in a horizontal position at a depth of 10 cm. Total number of litterbags used was 768.
Half of the litterbags were removed from the field on 12 May 1992 and the rest on 24 July 1992. Litterbags were dried at room temperature and, after that, the straw was removed from the bags. Straw was dried at 105°C for 20 hours, after which the dry weight was measured. The initial weights were changed into dry weights. The relative decomposition (decrease of dry weight) was used as the measure of straw decomposition: relative decomposition = (mass loss/initial weight) *
100%
The effects of the insecticide treatments were tested by bags with different mesh sizes separately.
Results

Fenvalerate and permethrin residues
In preliminary field tests fenvalerate and permethrin were found to be relatively persistent in cereal straw samples. Residues of 0.5 to 3.0 mg/kg straw at harvest were common in many of the years, but were higher (up to 4.1 mg/kg for fenvalerate and 5.6 mg/kg for permethrin) after the very dry seasons of 1986 and 1989 (Table 1) . Siltanen et al. 1988 Siltanen et al. , 1990 Siltanen et al. , 1991 Table 2 shows the pesticide residues of shoot and straw samples in the 1991-1992 experiment. Fenvalerate residues in straw at harvest varied from 0.2 mg/kg on sandy loam to 0.5 mg/kg on organic soil; permethrin residues varied between 0.2 and 0.4 mg/kg, respectively. In the last sample taken 12 months after insecticide treatment, residues were already below the quantitative detection limit. Figures 1 and 2 show fenvalerate and permethrin residues related to day-degrees (>O°C) after insecticide treatment.
No fenvalerate and permethrin residues were detected in soil samples taken after harvest.
Effects on epigeal arthropod fauna
Pitfall trap catches per plot were statistically tested by arthropod group (Tables 3 and 4 ). In pitfall catches taken immediately after insecticide treatment, Araneae were significantly less abundant in fenvalerate and permethrin plots than in control plots on both sandy loam and organic soil. The difference reflects a difference in the number of Linyphiidae, as the other common spider family, Lycosidae, was evidently not affected by either treatment (Table 3) .
There were significantly fewer Acarina in the pitfalls in fenvalerate-treated than in control plots, and permethrin-treated plots had less Acarina than control plots only on organic soil (Table 3) . On sandy loam, significantly less Collembola occurred in the pitfalls of fenvalerate-treated plots than in permethrin and control plots (Table 3) .
In pitfall trap catches taken after harvest on organic soil, the abundance of Araneae differed marginally between treatments: there were more spiders in control than in insecticide-treated plots (Table 4) . Effects on soil fauna
There was no significant difference in the number of soil animals in soil cores extracted with the dry funnel three days after insecticide treatment (Table 5 ). Only part of the samples taken after harvest were analysed. Because of the small number of samples, data was not statistically tested. The number of soil animals in soil cores extracted with the wet funnel was very small, and the samples were not further analysed. Relative decomposition rates at different points of time are presented in Tables 6-7.
The litterbags removed from tilled plots at both experimental sites in July and on sandy loam in May contained considerable amounts of soil. Because of the difficulties of removing the soil from the straw the bags from tilled plots were excluded from the analysis except for those removed from organic soil in May. The relative decomposition rate was slightly higher in tilled than in non-tilled plots, but not significantly (Table 6 ).
The mass loss of straw did not differ between litterbags removed in May and in July. Only slight decomposition was observed at the beginning of the summer perhaps because of the very dry conditions.
Discussion
Pesticide residues in straw observed in the 1991 experiment were smaller than recorded earlier.
Rain has been shown to have an essential role in removing residues from plants. McDowell (1987) found that fenvalerate residue wash-off from plants was more related to total rainfall than to intensity of rain. Thus wide variations in the pesticide residue contents of straw may be measured even where pesticide doses would be similar. In our experiment, insecticide residues were not found in soil samples taken in autumn. However, Braunschweiler (1992) found the fenvalerate content in top soil to be 0.07 mg/kg and 0.04 mg/ kg in clay and sandy soil, respectively, in soil samples taken two months after application (experiment carried out under closely resembling conditions). In his experiment, fenvalerate concentration in top soil increased towards autumn, presumably due to leaching of pesticide from plants.
Both fenvalerate and permethrin decreased the number of Linyphiidae in pitfall trap catches. Andersen (1990) found fenvalerate to decrease the activity of spiders for about six weeks, here the effect seems to last ten weeks in organic soil. Similarly, Nilsson (1980 ), Ekbom (1985 and Heimbach (1991) showed that fenvalerate decreased the abundance of spiders.
In spite of the small plot size (10 x 10 m), there were differences in the abundance of carabids among the insecticide treatments. In sandy soil we found the number of Bembidion guttula (Fabricius) in pitfalls to be smaller in fenvalerate-treated than in control plots. In a laboratory experiment DE Clerq et al. (1991) found fenvalerate to increase the mortality of ground beetles. Hagley et al. (1980) noticed the susceptibility of carabids to permethrin to be inversely related to their size. In the pitfall catches of our experiment, the effect of permethrin was noticed on two small carabid species, Trechus quadristriatus (Schrank) and Bembidion guttula, compared to control.
Environmental factors (weather), various treatments (pesticides, fertilizers, tilling), species, cultivars, chemical properties of straw and the activity of microbes and animals may affect the decomposition rate of straw (Summerell and Burgess 1989) . Although the decomposition of straw is primarily based on the activity of microbes, soil animals may also be important (Singh and Gupta 1977) . Thus, insecticides may indirectly decrease the decomposition rate. However, in our experiment fenvalerate and permethrin treatments did not affect the decomposition rate of straw. We do not know of any published study on the effects of insecticides on straw decomposition. In a study on the effect of herbicides on soil fauna and straw decomposition, House et al. (1987) found that straw decomposition was more rapid in non-treated than in glyphosate-treated plots. Abiotic factors such as temperature and moisture of soil were more significant than herbicides in regulating soil microarthropod numbers and their activity. Torstensson (1988) did not find any of 17 fungicides to affect the decomposition rate of wheat straw. In our experiment, about 30% of straw was decomposed by the next summer. Table 8 shows straw decomposition rates presented in literature.
In an experiment on a subarctic soil, Cochran (1991) did not notice any significant mass loss of stems or leaves during winter when the soil was frozen and microbial activity was reduced.
Decomposition of straw is usually studied with litterbags. The total weight loss of straw from bags results from three loss components: leaching, microbial decomposition and loss of straw particles through the mesh openings (Christensen 1985) . In many experiments straw decomposition has been more rapid when the straw was buried in soil than when it was on the soil surface (Cochran 1991, Summerell and Burgess 
